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DESCRIPTION 

POSITIVE ELECTRODE ACTIVE MATjERIAL FOR NON-AQUEOUS 
ELECTROLYTE SECONDARY CELL 

Technical Field 
[OODl] 

The present invention relates to a positive 
electrode active material for non-aqueous electrolyte 
5 secondary batteries. 

Background Art 
[0002] 

Non-aqueous electrolyte lithium secondary 
10 batt-eries are put to practical use as secondary 
batteries for portable electronic devices and are 
widely used. However, LiCoOa which is a compound of Co, 
which is expensive and less in the deposit amount as 
resources, is used as the positive electrode active 
15 material of the batteries, and there has been demanded 
a positive electrode active material for non-aqueous 
electrolyte secondary batteries which comprises a 
compound containing mainly the abundant element as 
resources. 
20 [0003] 

Thus, NaFe02 which is a composite oxide of 
iron and sodium which are abundant elements as 
resources has been proposed as. a positive electrode 
active material for non-aqueous electrolyte secondary 



batteries^ and it is known that this compound is 
obtained by mixing Na202 and Fe304 and firing the mixture 
at 600-700°C in the air (see, for example/ Non-Patent 
Document 1) . 
5 [0004] 

Non-Patent Document 1: Materials Research 
Bulletin (U.S.A.), Pergamon Press, 1994, Vol. 29, No, 
6, p. 659-666 

10 Disclosure of Invention 

Problem to be solved by the Invention 
[0005] 

The above non-aqueous electrolyte secondary 
batteries which use a positive electrode active 
15 material comprising NaFeOa suffer from the problem that 
the discharge voltage rapidly reduces with progress of 
discharge (see, for example, Non-Patent Document 1) - 
[0006] 

Therefore, the object of the present 
20 invention is to provide a positive electrode active 
material for non-aqueous electrolyte secondary 
batteries which comprise mainly a composite oxide of 
iron and sodium and gives non-aqueous electrolyte 
secondary batteries free from the rapid reduction of 
25 discharge voltage with the progress of discharge, and a 
method for producing the positive electrode active 
material . 



Means for Solving the Problem 
[0007] 

As a result of intensive research conducted 
by the inventors on positive electrode active materials 
5 comprising a composite oxide containing mainly iron and 
sodium, it has been found that ,a non-aqueous 
electrolyte secondary battery free from the rapid 
reduction of discharge voltage with the progress of 
discharge can be obtained by using the composite oxide 

10 which has a hexagonal crystal structure and has an 
intensity ratio of specific two XRD peaks within a 
specific range in the X-ray diffraction (XRD) analysis. 
Furthermore, it has been found that the above positive 
electrode active material is obtained by a method which 

15 comprises heating a mixture of metal compounds 
containing mainly a sodium compound and an iron 
compound where the mixture is heated in a specific 
atmosphere before reaching a specific temperature in 
the course of rising of the temperature. Thus, the 

20 present invention has been accomplished. 
[0008] 

That is, the present invention provides a 
positive electrode active material for non-aqueous 
electrolyte secondary battery which comprises a 
25 composite oxide containing mainly iron and sodium, 

having a hexagonal crystal structure, and exhibiting a 
value of 2 or less obtained by dividing the XRD peak 
intensity corresponding to an interplanar spacing of 



2-20 A by the XRD peak intensity corresponding to an 
interplanar spacing of 5,36 A-. Furthermore, the 
present invention provides a method for producing a 
positive electrode active material for non-aqueous 
5 electrolyte secondary battery by heating a mixture of 
metal compounds containing a sodium compound and an 
iron compound at a temperature in the range from 400°C 
to 900°C to produce a composite oxide comprising mainly 
a sodium compound and an iron compound, which comprises 

10 heating the mixture in an inert atmosphere in the 

temperature range of lower than 100 °C in the course of 
rising of the temperature- Moreover, the present 
invention provides a non-aqueous electrolyte sodium 
secondary battery made using the above-mentioned 

15 positive electrode active material for non-aqueous 
electrolyte secondary battery. 



Advantages of the Invention 
[0009] 

When the positive electrode active material 
20 of the present invention is used, there can be produced 
a non-aqueous electrolyte secondary battery which is 
free from the rapid reduction' of discharge voltage with 
the progress of discharge, high in discharge voltage in 
the part of the plateau of discharge, namely, 3 V or 
25 higher, and excellent in characteristics as a secondary 
battery, and according to the production method of the 
present invention, the positive electrode active 



material of the present invention can be produced, 
Thusy the present invention is industrially very 
useful. 

Best Mode for Carrying Out the Invention 
5 [0010] 

The positive electrode active material for 
non-^aqueous electrolyte secondary battery of the 
present invention comprises a composite oxide 
containing mainly sodium and iron. 
10 A specific example of the composite oxide is 

a compound represented by the following formula (1) : 

NaFei^xMxOs (1) 
(wherein M is at least one trivalent metal) . 
[0011] 

15 As the M, mention may be made of at least one 

element selected from the group consisting of Al, Ga, 
in^ Sc, Ti, y, Cr, Mn, Co, Ni, Y, Nb, Mo, La, Ce, Pr^ 
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu. Among 
them, at least one element selected from the group 

20 consisting of Al, Ga, Mn, Co, Ni, Y and La is 
preferred since the discharge voltage tends to 
increase, and from the viewpoint of resources, 
especially preferred is at least one element selected 
from the group consisting of Al, Mn and Ni which is 

25 abundant in the amount of deposits- The compositional 
ratio of Na, Fe and M in the above fo3nnula means a 
mixing ratio of the respective elements in the starting 



materials (the composition of the final product does 
not necessarily coincident with the charging ratio in 
view of vapor pressure of each element source at the 
synthesis temperature, and particularly in the case of 
5 firing at a high temperature for a long time, Na is 
volatilized to cause deficiency of Na in some cases, 
but as long as the final product holds a hexagonal a- 
NaFe02 type structure, the deficiency of Na causes no 
conspicuous hindrance to development of positive 

10 electrode characteristics) . The value of x can be 
selected from the range of 0^x<0-5 in which the 
hexagonal crystal structure is held, and the range of. 0 
^x<0.1 is preferred since the discharge capacity tends 
to increase, and the case of x=0 in which M is not 

15 contained is particularly preferred. Since l-x which 
is a coefficient of Fe is larger than 0.5, the compound 
represented by the formula (1) is a composite oxide 
containing mainly iron and sodium. 
[0012] 

20 in the present invention, this composite 

oxide has a hexagonal crystal structure, in which the 
value obtained by dividing the XRD peak intensity 
corresponding to an interplanar spacing of 2.20 A by 
the XRD peak intensity corresponding to an interplanar 

25 spacing of 5.36 A in the XRD analysis of the composite 
oxide, namely, the ratio of heights of XRD peaks, is 2 
or less. In the case of the conventional composite 
oxide NaFe02, the value obtained by dividing the XRD 



peak intensity corresponding to an interplanar spacing 
of 2.20 A by the XRD peak intensity corresponding to an 
interplanar spacing of 5.36 A Is greater than 2, and in 
the case of, for example, the NaFeOa disclosed in the 
5 Non-Patent Document 1, the value obtained by dividing 
the XRD peak intensity corresponding to an interplanar 
spacing of 2.20 A by the XRD peak intensity 
corresponding to an interplanar spacing of 5.36 A is 
2,3 as can be seen from the XRD chart in the Non-Patent 
10 Document 1. 
[0013] 

These XRD peaks corresponding to the 
interplanar spacing of 2.20 A and the interplanar 
spacing of 5.36 A correspond to the XRD peaks at (104) 

15 plane and (003) plane of the a-NaFe02 type structure, 
respectively. There are some variations in the 
interplanar spacing of the crystal lattice depending on 
the metal elements other than Na and Fe contained in 
the composite oxide and the production method, and 

20 since the XRD peak corresponding to 2.20 A has a 

variation in. the width of ±0-02 A, the interplanar 
spacing is specifically 2.20±0-02 A, and since the XRD 
peak corresponding to 5.36 A has a variation in the 
width of ±0.04 A, the interplanar spacing is 

25 specif ically 5. 36 ±0.04 A. Therefore, in this 
specification, the XRD peak corresponding to an 
interplanar spacing of 2.20 A means a XRD peak 
corresponding to an interplanar spacing of 2.20±0.02 A 



which corresponds to the XRD peak at (104) plane of the 
a-NaFe02 type structure, and similarly the XRD peak 
corresponding to an interplanar spacing of 5.36 A means 
a XRD peak corresponding to an interplanar spacing of 
5 5.36±0.04 A which corresponds to the XRD peak at (003) 
plane of the a-NaFeOa type structure. In case the value 
r obtained by dividing the XRD peak intensity 
corresponding to an interplanar spacing of 2.20 A by 
the XRD peak intensity corresponding to an interplanar 

10 spacing of 5.36 A is 2 or less, although the reason is 
not clear, the composite oxide containing mainly iron 
and sodium becomes a positive electrode active material 
for non-aqueous electrolyte secondary battery which 
gives a non— aqueous electrolyte secondary battery free 

15 from the rapid reduction of discharge voltage with the 
progress of discharge. The value r is preferably 1.7 
or less and more preferably 1.5 or less. 
[0014] 

Next, the method for producing the positive 
20 electrode active material of the present invention will 
be explained. 

The positive electrode active material of the 
present invention can be produced by a method of 
heating a metal compound mixture containing mainly a 
25 sodium compound and an iron compound at a temperature 
in the range from 400®C to 900°C, in which the mixture 
is heated in an inert atmosphere in the temperature 
range of lower than lOO^C in the course of rising of 



9 

the temperature. 
[0015] 

As the sodium compound, the iron compound and 
the compounds of M in the formula (1), there may be 
5 used oxides, hydroxides, carbonates, nitrates, 

sulfates, acetates, oxalates, halides, etc., and the 
sodium compound is especially preferably Na202 and the 
iron compound is especially preferably Fe304. 
[0016] 

10 The mixture of metal compounds which mainly 

comprises a sodium compound and an iron compound can be 
obtained by weighing each metal compound at a given 
molar ratio and mixing the weighed metal compounds by 
dry or wet mixing method. The dry mixing method is 

15 simple and preferred, and can be carried out by 
industrially usually employed apparatuses such as 
mortar, rotating stirrer, V-type mixer, W-type mixer, 
ribbon mixer, drum mixer, and ball mill. 
[0017] 

20 The positive electrode active material of the 

present xnverition can be obtained by heating the 
resulting metal compound mixture, and this heating is 
carried out in an inert atmosphere at a temperature of 
lower than 100°C in the course of the rising of the 

25 temperature. As the inert atmosphere, there may be 
used one or two or more atmospheres selected from 
argon, helium, neon, nitrogen, carbon dioxide, etc., 
and argon, nitrogen or mixtures thereof are preferred. 



The mixing ratio is not particularly limited, and can 
be optionally set- 

This inert atmosphere may contain up to about 
1 vol% of oxygen or hydrogen. If water vapor is 
5 contained in a large amount, the resulting positive 
electrode active material may not give a non-aqueous 
electrolyte secondary battery in which the discharge 
voltage does not rapidly reduce with the progress of 
discharge, and the dew point of the inert atmosphere 

10 used in the production method of the present invention 
is preferably 0®C or lower. The inert atmosphere may 
not be used at lower than 100°C in the course of the 
falling of the temperature after reaching the heating 
temperature. It is preferred to use an inert 

15 atmosphere also in weighing and mixing of the metal 
compounds . 
[0018] 

In the temperature range of 100 °C or higher, 
the atmosphere is not particularly limited, and may be 

20 any of the above-mentioned inert atmosphere; an inert 
atmosphere containing 1 vol% or more of oxygen; an 
oxidizing atmosphere such as oxygen; an inert 
atmosphere containing hydrogen and/or carbon monoxide; 
and a reducing atmosphere such as hydrogen or carbon 

25 monoxide, and furthermore it may contain halogen. The 
oxidizing atmosphere is preferred, and air and oxygen 
are more preferred. 
[0019] 
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The heating temperature is in the range 
preferably from 400°C to 900°C, more preferably from 
600 °C to leO^'C, and the keeping time in this 
temperature range is usually from 2 hours to 30 hours. 
5 The mixture may be compression molded into a pellet 
before heating. The temperature rising rate before 
reaching the heating time is not particularly limited, 
but is preferably 600°C/hour or lower ^ The temperature 
falling rate before reaching room temperature after 

10 heating is not particularly limited, but is preferably 
600°C/hour or lower. Furthermore, when the temperature 
falling rate is lowered by cooling in a furnace, layer 
structure sometimes develops to result in increase of 
discharge capacity. 

15 [0020] 

It is necessary that in the furnace used for 
heating, the atmosphere can be replaced- The furnace 
is preferably such that can be subjected to vacuum 
replacement (an operation of evacuating the furnace 
20 using a vacuum pump and then introducing a desired gas 
into the furnace) , but it may be a tubular furnace 
through which an atmosphere gas can be efficiently 
flowed. 
[0021] 

25 Furthermore, the positive electrode active 

material obtained by heating can be adjusted to a 
desired particle size by a known method which is 
industrially usually employed, such as vibration mill, 



12 

jet mill or dry ball mill. 
[0022] 

Next/ the non-agueou3 electrolyte sodium 
secondary battery containing the positive electrode 
5 active material of the present invention will be 
explained. 
[0023] 

It is known that a non-^aqueous electrolyte 
secondary battery which uses a conventional positive 

10 electrode active material comprising NaFeOa for a 
positive electrode and sodium ion as a main charge 
carrier are not sufficient in the characteristics as a 
secondary battery. Therefore, as the non-aqueous 
electrolyte secondary battery using the conventional 

15 positive electrode active material comprising NaFe02 for 
the positive electrode, there has been proposed a non- 
aqueous electrolyte secondary battery in which a non- 
aqueous electrolyte containing lithium perchlorate and 
a negative electrode comprising metallic lithium are 

20 used, and not sodium ion, but lithium ion is mainly 
used as the charge carrier (see, for example, Non- 
Patent Document 1) ^ However, when a non-aqueous 
electrolyte sodium secondary iDattery is produced using 
the positive electrode active material discovered by 

25 the inventors, surprisingly, the resulting non-aqueous 
electrolyte sodium secondary battery is free from the 
rapid reduction of discharge voltage with the progress 
of discharge and high in discharge voltage in the part 
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of the plateau of discharge, namely, 3 V or higher, and 

shows satisfactory characteristics. 

[0024] 

First, the positive electrode of the non- 
5 aqueous electrolyte sodium secondary battery of the 

present invention which contains the positive electrode 
active material of the present invention can be 
produced by supporting a positive electrode mix 
containing the positive electrode active material and 

10 additionally a carbonaceous material as a conductive 
material, a binder, etc. on a positive electrode 
current collector. The carbonaceous materials include, 
for example, natural graphite, artificial graphite, 
cokes and carbon black. The conductive materials may 

15 be used each alone or in admixture of, for example, 
artificial graphite and carbon black. 
[0025] 

As the binder, a thermoplastic resin is 
ordinarily used, and examples of the binder are 

20 polyvinylidene fluoride (hereinafter sometimes referred 
to as ^^PVDF'') , polytetraf luoroethylene (hereinafter 
sometimes referred to as ^VPTFE") , ethylene 
tetraf luoride-propylene hexafluoride-vinylidene 
fluoride copolymers, propylene hexafluoride-vinylidene 

25 fluoride copolymers, ethylene tetraf luoride- 

perf luorovinyl ether copolymers, etc. These may be 
used each alone or in admixture of two or more. The 
amounts of the positive electrode active material, the 
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carbonaceous material and the binder are optionally set 

depending on the purpose. 

[0026] 

Al, Ni> stainless steel, ox the like can be 
5 used as the positive electrode current collector, and 
Al is preferred because it can be easily worked to thin 
films and is inexpensive. For supporting the positive 
electrode mix on the positive electrode current 
collector, there may be used a method of pressure 

10 molding or a method of preparing a paste using a 

solvent and coating the paste on the positive electrode 
current collector, followed by drying and pressing to 
fix the coat on the current collector. If necessary, 
an active material other than the positive electrode 

15 active material for non-aqueous secondary battery of 
the present invention may be incorporated into the 
positive electrode . 
[0027] 

Next, as a negative electrode of the non- 
20 aqueous electrolyte sodium secondary battery of the 
present invention^ there may be used, for example, 
sodium metal, sodium alloysy or materials which can be 
subjected to doping/dedoping oE sodium ion. As the 
materials which can be subjected to doping/dedoping of 
25 sodium ion, mention may be made of carbonaceous 
materials, chalcogen compounds such as oxides and 
sulfides which can be subjected to doping/dedoping of 
sodium ion under a potential lower than that of the 



15 

positive electrode> borates, etc. 
[Q028] 

If necessary, a thermoplasti' 
added to the negative electrode materi 
5 The thermoplastic resins include, for 
polyethylene, polypropylene, etc. The 
thermoplastic resins used is optionall 
on the purpose. 
[0029] 

10 As the negative electrode cu 

Cu, Ni, stainless steel, etc. can be u 
particularly preferred because it hard 
alloys with sodium and it can be easil 
films. For supporting a mix containin 

15 electrode active material on the negat 
current collector, there may be used a 
pressure molding or a method of prepar 
a solvent and coating the paste on the 
electrode current collector, followed 

20 pressing to fix the coat on the curren 
[0030] 

As the separators used in th 
electrolyte sodium secondary battery o 
invention, there may be used, for exam 
25 the form of porous film, nonwoven fabr 
fabric which comprise polyolefin resin 
polyethylene and polypropylene, fluoro 
nylons, aromatic aramids, etc. The th 



I 



separators is usually about 10-200 jLtm. 
[0031] 

Next, as the solvents used for the non- 
aqueous electrolytes used in the non-aqueous 
5 electrolyte sodium secondary battery of the present 
invention, there may be used, for example, carbonates 
such as propylene carbonate, ethylene carbonate, 
vinylene carbonate, dimethyl carbonate, diethyl 
carbonate, ethylmethyl carbonate, 4-trif luoromethyl- 

10 1, 3-dioxolan-2~one and 1,2^ 

*di (methoxycarbonyloxy) ethane; ethers such as 1,2^ 

dimethoxye thane, 1, 3-dimethoxypropane^ 

pentaf luoropropylmethyl ether, 2,2, 3, 3^ 

tettaf luoropropyldif luoromethyl ether, tetrahydrof uran 

15 and 2-methyltetrahydrofuran; esters such as methyl 

formate, methyl acetate and y -butyrolactone; nitriles 
such as acetonitrile and butyronitrile; amides such as 
N,N-dimethylf ormamide and N,N-dimethylacetamide; 
carbamates such as 3-methyl-2-oxazolidone; sulfur- 

20 containing compounds such as sulforan, dimethyl 
sulfoxide, 1, 3-propanesultone, ethylene sulfite, 
propylene sulfite, dimethyl sulfite and diethyl 
sulfite, and these organic solvents into which fluorine 
substituent is further introduced. Generally, mixtures 

25 of two or more of them are used. Of these solvents, 

mixed solvents containing carbonates are preferred, and 
mixed solvents of cyclic carbonates and non-cyclic 
carbonates or mixed solvents of cyclic carbonates and 



ethers are more preferred. The mixing ratio of them is 
not particularly limited, and is optionally set 
according to the purpose. 
[0032] 

5 As the mixed solvents of cyclic carbonates 

and non-cyclic carbonates, mixed solvents containing 
ethylene carbonate, dimethyl carbonate and ethylmethyl 
carbonate are preferred because they have a wide 
operating temperature range and are excellent in load 

10 characteristics . 

As solutes, there are used one or more of 
solutes selected from NaC104, NaPFef NaBF4, NaCFgSOa, 
NaN(CF3S02)2, NaN (C2F5SO2) 2/ NaC {CF3SO2) 3r etc. The mixing 
ratio of the solvent and solute is not particularly 

15 limited, and is optionally set depending on the 
purpose - 
[0033] 

A solid electrolyte may be used as the non- 
aqueous electrolyte, and as the solid electrolyte, 

20 there can be used electrolytes comprising, for example, 
polymeric compounds of polyethylene oxide type, 
polymeric compounds containing at least one of 
polyorganosiloxane chains or polyoxyalkylene chains. 
Moreover, polymers in which non-aqueous electrolyte 

25 solution is held, namely/ so-called gel type 

electrolytes can also be used. When electrolytes 
comprising inorganic compounds are used, safety can 
sometimes be enhanced. 



[0034] 

The shape of the non-aqueous secondary 
battery of the present invention is not particularly 
limited, and may be any of paper type, coin type, 
5 cylindrical type, rectangular type, etc. 

The outer case of the. battery may not be a 
metallic hard case which also serves as a terminal of 
negative electrode or positive electrode, and there may 
be used a bag-like package comprising a laminate sheet 
10 containing aluminum, or the like. 
[0035] 

Being different from the conventional non- 
aqueous electrolyte sodium secondary battery which is 
unsatisfactory in characteristics, the non-aqueous 
15 electrolyte sodium secondary battery produced using the 
positive electrode active material of the present 
invention is free from the rapid reduction of discharge 
voltage with the progress of discharge. 
[0036] 

20 Furthermore, the non-aqueous electrolyte 

sodium secondary battery produced using the positive 
electrode active material of the present invention has 
a high discharge voltage in the part of plateau of 
discharge. The part of plateau of discharge means the 

25 portion of a discharge curve in which the discharge 
voltage does not greatly change with progress of 
discharge after beginning of reduction of voltage in 
the initial stage of discharge after starting of 
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discharge. Here, the discharge voltage in the part of 
plateau of discharge is a voltage in the case of 
discharging at a current density of 0.1 mA/cm^ or higher 
based on the area of the positive electrode (the 
5 voltage may be measured to be lower when the current 
density is too high) , and can be measured, for example, 
under the following conditions. 

Electrolyte: a solution prepared by 
dissolving NaC104 in propylene carbonate (hereinafter 

10 sometimes referred to as ^^2C") to give a concentration 
of 1 mol/liter (hereinafter sometimes referred to as 
"IM NaC104/PC'') . 

Negative electrode: Metallic sodium 
Discharge current density: 0.1 iTL?\/cm^ 

15 This discharge voltage in the plateau of 

discharge is 3-0 V or higher in the non-aqueous 
electrolyte sodium secondary battery produced using the 
positive electrode active material of the present 
invention. 

20 [0037] 

Furthermore, the non-aqueous electrolyte 
sodium secondary battery produced using the positive 
electrode active material of the present invention 
shows high discharge capacity and excellent cycle 
25 characteristics (namely, less in reduction of discharge 
voltage even after repetition of charge and discharge) - 

Example 



[0038] 

The present invention will be explained in 
more detail by the following examples, which should not 
be construed as limiting the invention in any manner. 
5 Production of the electrode and test battery for charge 
and discharge test and measurement of powder X-ray 
diffraction were carried out by the following methods 
unless otherwise notified. 
[0039] 

10 (1) Production of test battery for charge and 

discharge test 

The positive electrode active material, 
acetylene black (50% pressed product manufactured by 
Denki Kagaku Kogyo Kabushiki Kaisha) as a conductive 

15 material, and PTFE (Polyflon TFE F-20IL (trade name) 
manufactured by Daikin Industries- Ltd.) as a binder 
are weighed so as to give a composition of active 
material : conductive material : binder = 70 : 25 : 5 
(weight ratio) . First, the active material and the 

20 conductive material are mixed well by an agate mortar 
and then the binder is added to the mixture, followed 
by uniformly mixing them. The resulting mixture is 
molded to a square with a uniform thickness, and the 
molded square is bored by a cork borer of 1.5 cm in 

25 diameter to obtain a circular pellet. The pellet is 
put on a titanium expanded metal which is a positive 
electrode current collector, and they are lightly 
pressed by an agate pestle and then sufficiently 



contact bonded by a hand press to obtain a positiye 

electrode pellet. 

[0040] 

The positive electrode pellet iB placed with 
5 the titanium mesh facing downward in a dent of bottom 
part of HS battery (manufactured by Hohsen 
Corporation), and a test battery is produced using in 
combination a 1 M NaClO^/PC (having a conductivity of 
5.42 mS/cm and manufactured by Toyama Pure Chemical 

10 Industries. Ltd.) as an electrolyte^ a separator 

comprising two polypropylene porous films (CELGUARD 
3501 (trade name) manufactured by Celgard K.K.) between 
which is interposed a glass filter (GA-100 (trade name) 
manufactured by Toyo Roshi Kaisha, Ltd.), and a 

15 negative electrode comprising metallic sodium 

(manufactured by Wako Pure Chemical Industries, Ltd.). 
The test battery is assembled in a glove box of argon 
atmosphere- 
[0041] 

20 (2) Measurement of powder X-ray diffraction 

Th^ measurement is conducted under the 
following conditions using model RINT2100HLR/PC 
manufactured by Rigaku Corporation. 
X-ray: CuKa 

25 Voltage - current: 50 kV - 300 rriA 

Measuring angle range: 29 = 10 - 80° 

Step: 0.0 1'' 

Scan speed: 2°/min 



[0042] 
Example 1 

(1) Synthesis of positive electrode active 

material 

5 iS[a202 (manufactured by Fluka Chemie AG) and 

Fe304 (manufactured by Aldrich Chemical Company, Inc.) 
were weighed in a globe box of argon atmosphere so that 
Na and Fe were at a stoichiometric ratio of ISIaFeO^/ and 
then they were mixed well by an agate mortar. The 

10 resulting mixture was put in a crucible made of 

alumina, and the crucible was placed in an electric 
furnace connected with a glove box which was previously 
evacuated by a vacuum pump and into which argon was 
introduced to replace the atmosphere, and the heating 

15 of the mixture was started in the furnace having the 
argon atmosphere. The electric furnace was opened in 
the air just before the temperature reached 100°C, and 
thereafter the heating was carried out in the air 
atmosphere, followed by keeping at 650 °C for 12 hours 

20 and then taking out the crucible into air at room 

temperature and rapidly cooling the crucible to obtain 
a positive electrode active material El for non-aqueous 
electrolyte sodium secondary battery. El was subjected 
to powder X-ray diffraction, and the results of the 

25 measurement is shown in FIG. 1. El had a hexagonal 
crystal structure and the value obtained by dividing 
the XRD peak intensity corresponding to an interplanar 
spacing of 2.20 A by the XRD peak intensity 
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corresponding to an interplanar spacing of 5.36 A was 

1.5. 

[0043] 

(2) Evaluation of charge and discharge 
5 performance when El was used as a positive electrode 
active material of sodium secondary battery 

A test battery was produced using El and was 
subjected to constant current charge and discharge test 
under the following conditions. 
10 Current density: 0.1 mA/cm^ 

Range of scanning potential: 1.5 V - 3.5 V 
The resulting charge and discharge curve is 
shown in FIG. 2. After charging of about 0,36 Na^ a 
plateau of discharge of 3.3 V (vs. Na/Na"^) corresponding 
15 to the discharge of about 0.3 Na was recognized. 
[0044] 
Example 2 

(1) Synthesis of positive electrode active 

material 

20 NaaOa (manufactured by Fluka Chemie AG) and 

Fe304 (manufactured by Aldrich Chemical Company, Inc. ) 
were weighed in a globe box of argon atmosphere so that 
Na and Fe were at a stoichiometric ratio of NaFeOa, and 
then they were mixed well by an agate mortar. The 

25 resulting mixture was put in a crucible made of 

alumina, and the crucible was placed in an electric 
furnace connected with a glove box which was previously 
evacuated by a vacuum pum.p and into which argon was 
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introduced to replace the atmosphere^ and the heating 
of the mixture was started in the furnace haying the 
argon atmosphere. The electric furnace was opened in 
the air just before the temperature reached XOO^^C, and 
5 thereafter the heating was carried out in the air 

atmosphere, followed by keeping at 65G°C for 12 hours, 
then cooling to room temperature at a temperature 
falling rate of 30^C/hour in the furnace, and taking 
out the crucible from the electric furnace to obtain a 

10 positive electrode active material E2 for non-aqueous 
electrolyte sodium secondary battery. E2 had a 
hexagonal crystal structure, and the value obtained by 
dividing the XRD peak intensity corresponding to an 
interplanar spacing of 2.20 A by the XRD peak intensity 

15 corresponding to an interplanar spacing of 5.36 A was 
1.3. 
[0045] 

(2) Evaluation of charge and discharge 
performance when E2 was used as a positive electrode 
20 active material of sodium secondary battery 

A test battery was produced using E2 and was 
subjected to constant current charge and discharge test 
under the following conditions. 

Current density: 0.2 mA/cm^ 
25 Range of scanning potential: 1.5 V - 3.6 V 

Although the current density was high, 
namely, 0.2 mA/cm^, a plateau of discharge of 3.2 V (vs. 
Na/Na"") corresponding to the discharge of about 0.34 Na 
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was recognized after charging of 0.44 Na. 

The compositional ratio of the positive 
electrode active material after synthesis was 
determined by a general method such as ICP^emission 
5 spectrochemical analysis or atomic absorption 

spectrometry, and the compositional ratio Na/Fe (before 
charging) of the positive electrode active material E2 
of Example 2 was 0.82 (atomic absorption spectrometry). 

Industrial Applicability 
10 [0046] 

When the positive electrode active material 
of the present invention is used, a ndn^aqueous 
electrolyte secondary battery can be obtained which is 
free from the rapid reduction of discharge voltage with 

15 the progress of discharge, high in discharge voltage in 
the plateau of discharge, namely^ 3 V or higher, and 
excellent in characteristics as a secondary battery, 
and according to the production method of the present 
invention, the positive electrode active material of 

20 the present invention can be produced and hence the 
present invention is industrially very useful. 

Brief Description of the Drawings 
[00471 

[FIG, 1] This shows the results of powder X-ray 
25 diffraction in Example 1. 

[FIG. 2] This shows a charge and discharge curve in 
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Example 1 . 



